A complete astrophysical and dynamical study of the close visual binary system (CVBS) (A7V + F0V), Finsen 350, is presented. Beginning with the entire observational spectral energy distribution (SED) and the magnitude difference between the subcomponents, Al-Wardat's complex method for analyzing close visual binary stars (CVBS) was applied as a reverse method of building the individual and entire synthetic SEDs of the system. This was combined with Docobo's analytic method to calculate the new orbits. Although possible short (≈ 9 years) and long period (≈ 18 years) orbits could be considered taking into account the similar results of the stellar masses obtained for each of them (3.07 and 3.41 M ⊙ , respectively), we confirmed that the short solution is correct. In addition, other physical, geometrical and dynamical parameters of this system such as the effective temperatures, surface gravity accelerations, absolute magnitudes, radii, the dynamical parallax, etc., are reported. The main sequence phase of both components with age around 0.79 Gy is approved.
I. INTRODUCTION
Most of what look like single stars in the sky are, actually, binary or multiple systems, as revealed by Hipparcos mission (Balega et al. 2002; Shatskii & Tokovinin 1998) . In general, stellar binary systems represent the key source of stellar parameters especially masses and distances. As for subgiant stars and the lower part of the main sequence, they practically define our understanding of stellar physical properties (Docobo et al. 2001) .
Except for eclipsing binary stars, there is no direct way to measure the physical and geometrical parameters of stellar binary systems, even with the aid of modern techniques of observation, such as speckle interferometry and adaptive optics. The situation is a bit complicated in the case of the close visual binary stars (CVBS), especially subgiants, which represent a small stellar category due to their short evolutionary phase (Salaris & Cassisi 2006) . This difficulty was overcome by applying Al-Wardat's complex method for analyzing CVBS, which combines different observational results and analytical techniques such as speckle interferometry, spectrophotometry, atmospheric modelling, and dynamical analysis. This method yields an accurate determination of the complete set of physical and geometrical parameters which include effective temperatures, gravity accelerations, radii, masses, orbital parameters, absolute magnitudes, densities, spectral types, and luminosity classes of the components of the CVBS. First devised by Al-Wardat (2002a , the method was applied to several main sequence CVBS such as ADS 11061, COU 1289 , COU 1291 , HIP 11352, HIP 11253, HIP 70973, and HIP 72479 (Al-Wardat 2002a Al-Wardat & Widyan 2009) as well as to the subgiant CVBS, HD 25811, HD 375 and HD 6009 (Al-Wardat et al. (2014) , Al-Wardat et al. (2014) , Al-Wardat (2014) ). It was also applied to the spectroscopic CVBS Gliese 762.1 (Paper X in this series).
As a consequence of the previous work, this paper (the XII in its series) presents the analysis of the CVBS FIN 350 (HIP64838). It was reported as a double star in the Bright Star Catalogue and by Jeffers et al. (1963) in the Index Catalogue of Visual Double Stars. This star was observed for the first time in 1959.47 by Finsen who established it as a binary and measured a separation (ρ) of 0.1 arcsec, with a position angle (θ) of 27
• . He also determined that both components were of the same brightness, 7.1 mag, where he used an eyepiece interferometer developed by himself at that time for his observations. It is not clear yet wether the components of the system belong to the main sequence or to the subgiant phase. Malaroda (1975) assigned the system to the F0V MK spectral type, while Cowley (1976) assigned it to A7IV (or mild A7m). So, it seems an interesting system, and the estimated parameters in this work will enhance our knowledge of binary systems in general, and will consequently help to understand the formation and evolution mechanisms of such systems. The latest speckle observations suggested a revision of the earlier solutions and, taking into account the small difference of magnitude between the components, we decided to calculate not only the short-period orbit (≈ 9 yr) but also the long-period orbit (≈ 18 yr) twisting several measurements by 180
• (see Figures 1 and 2) . Concretely, the orbit of Horch et al. provides the following residuals in θ for the measurements of 2007.329, 2009.260, and 2009.446 (3 (Docobo 1985 (Docobo , 2012 was used to calculate the new orbits. The first column in Table II indicates the date of observation. Columns 2, 3, 4, and 5 give the values of the position angle and the separation with their corresponding standard errors. Columns 6 and 7 show the observed difference of magnitude between the components, while columns 8 and 9 include the wavelength and the standard error used in the observation. The size of the telescope utilized to perform the measurements is indicated in column 10. Finally, columns 11, 12, and 13 contain the reference of the publication where the measurements were announced, the technique used, and the weight assigned to the observation, respectively.
The orbital elements and the masses determined in the present work together with their estimated standard errors are included in Table III.  Table IV lists the rms residuals and mean arithmetic residuals of the position angles and separations for the orbits calculated in this work as well as for previously determined orbits. Table VI presents the ephemerides for each orbit for the period between 2014 and 2020. Keeping in mind the ephemerides of both solutions, it will be possible to discriminate between the two calculated orbits in the very near future.
The similarity between the value of the Hipparcos parallax (12.28 ± 0.77 mas) with the dynamical parallaxes obtained for each orbit (short period: 13.12 ± 0.31 mas, and long period: 13.38 ± 0.46 mas), demonstrates the robustness of the first as well as its use as a referent value in this work. We concluded that the true orbit is that of the short-period because the long-period orbit gives unacceptable residuals in the position angle regarding the observations of 1990.2759 and 2007.0105. Even if we give 0 weight to those observations, the rms in the position angle is worse in the long-period orbit (see Table V ). 
III. ATMOSPHERIC MODELING
In order to estimate the physical and geometrical parameters of the individual components of the system, we follow AlWardat's complex method for analyzing CVBS (Al-Wardat 2012). The method makes use of the measured magnitude difference ∆m between the sub-components, their composite visual magnitude m v and the parallax of the system to calculate preliminary input parameters to model atmospheres of the individual components. Model atmospheres are then used to calculate their spectral energy distributions (SEDs), which then combined together (according to specific criteria) to build the entire synthetic SED of the system. The observational SED is used as a reference guide to the synthetic one in an iterated way of the aforementioned steps by changing the input parameters until the best fit between them achieved.
The magnitude difference between the two components ∆m = m B − m A = 0 m .59 was taken as the average value of all measurements under the filters 550/40, 551/22, 562/40, 543/22 and 534/22 (given in Table II) , which are the closest to the Vband filter. This magnitude difference, along with the composite photometry of the system m v = 6 m .358 (Table I) , was used as an input to the equations:
to calculate the apparent magnitudes of the individual components as: m A = 6 m .87 and m B = 7 m .42. These individual apparent magnitudes, along with the corresponding main sequence relations and standard values (Gray 2005; Lang 1992) .
were used to calculate the preliminary input parameters (effective temperatures and surface gravity accelerations) needed to build model atmospheres for the individual components . We used bolometric corrections of Gray (2005) as well as T ⊙ = 5777K and extinction (A v ) given in Table I by NASA/IPAC. Hence, the calculated parameters were used as input parameters to construction model atmospheres for each component using grids of Kurucz's 1994 blanketed models (ATLAS9) (Kurucz 1994). Here, we used solar-abundance line-blanketed model atmospheres to build the spectral energy distribution for each component. The total energy flux received from the binary star is calculated depending on the net luminosity of the components, A and B, located at a distance, d, from the Earth. This is represented by the following equation (Al-Wardat 2002a):
where H A λ and H B λ are the fluxes from a unit surface of the corresponding component and F λ represents the total SED of the system. Now, the goal is to achieve the best fit between the computed total SED with the observed one. So, in order to achieve that fit, dozens of different sets of parameters were tested by different ways; the first way is the direct correspondence as can be seen in Fig.3 , which includes the maximum values of the absolute flux, the shape of the continuum, and the profiles of the absorption lines. The second way is by comparing synthetic magnitudes and color indices with the observational ones (see Table IX ).
It is worthwhile to mention here that two of the input parameters have the same effect on the maximum values of the absolute flux, these are the radii of the components and the parallax of the system according to Equ. 6. Hence, the radii of both components were set subject to change according to the parallaxes of different sources. Table VII gives these radii using the following atmospheric parameters:
The question now is which parallax represents better the system?. It is clear from Table VII that Hipparcos old parallax gives the highest radii and luminosities, which means if this parallax is true, then the components are at the beginning of the subgiant phase. Comparing the masses estimated by orbital analysis (ΣM A,B (M ⊙ )=3.173±0.152 for a short-period main sequence pair and ΣM A,B (M ⊙ ) =2.665±0.125 for a subgiant pair) (Table III) with the positions of both components on the evolutionary tracks (Fig. 4) , we find that the short period solution with its dynamical parallax is the best solution for this system. So, the best fit between the observed and synthetic entire spectra as represented in Fig. 3 was achieved using the parameters listed in Table X with the dynamical parallax π (mas)= 12.39±0.31. 
A. Synthetic photometry
In addition to their importance as descriptive parameters, apparent magnitudes and color indices of the individual components and the entire system play an important role in testing the best fit between the synthetic and observational SEDs as mentioned in paragraph 6 of Sec. III.
In order to calculate the synthetic magnitudes, we used the following relation (Apellaniz 2006) and (Maíz-Apellániz 2007) :
where m p is the synthetic magnitude of the passband p, P p (λ) is the dimensionless sensitivity function of the passband p, F λ,r (λ) is the synthetic SED of the object and is the SED of the reference star (Vega). Zero points (ZP p ) from Maíz-Apellániz (2007) (and references therein) were adopted. The results of the calculated magnitudes and color indices of the combined system and individual components in different photometric systems are given in Table VIII: IV. RESULTS AND DISCUSSION Tables III,VIII and X list the estimated physical and geometrical parameters of the system, which represent adequately enough the system. Fig. 3 shows a good consistency between the synthetic and observational SEDs.
The orbital analysis of the system gives two solutions; the 9.130 yr short period orbit with mass sum 3.255 M ⊙ and the 18.442 yr long period orbit with mass sum 3.408 M ⊙ using 12.28 mas Hipparcos parallax. For comparison, Martin & Mignard (1998) The comparison between the observational and synthetic magnitudes of the entire system (Table IX) gives a good indication about the reliability of Al-Wardat's complex method in analyzing CVBS.
Figs. 4 and ?? give the positions of the two components on the evolutionary tracks and isochrones for low-and intermediatemass stars of Girardi et al. (2000) ; the error bars in the figure represent the effect of the parallax and radii uncertainty.
Depending on the estimated parameters of the system's components and their positions on the evolutionary tracks with age around 0.79 Gy (Fig. 4) , fragmentation is the most likely process for the formation of such system. Where Bonnell (1994) concluded that fragmentation of rotating disk around an incipient central protostar is possible, as long as there is continuing infall, and Zinnecker & Mathieu (2001) pointed out that hierarchical fragmentation during rotational collapse has been invoked to produce binaries and multiple systems.
V. CONCLUSIONS
Al-Wardat's complex method along with Docobo's analytical method for orbit calculation were used to analyze the speckle interferometric close visual binary star FIN 350 (WDS 13175-0041, HIP 64838, HD 115488) . The physical and geometrical parameters of the system's components were estimated depending on the orbital solution of the system and the best fit between the entire observational SED and the synthetic ones built using model atmospheres.
The dynamical parallax (π=12.39±0.31, which lies between the old and new Hipparcos measurements) gives the best coincidence between Al-Wardat's complex analysis and Docobo's analytical solution for this system, and it was adopted as the parallax of the system. New orbits (short and long-period) of the system were calculated. The 9.130 yr short-period improves the earlier orbits while the 18.442 yr long-period solution was calculated for the first time. Nevertheless, in this work it was demonstrated that the short-period is the orbit that better fits the observations.
The synthetic magnitudes and colors of the entire system and individual components were computed in different photometric systems as given in Table VIII . In addition to their importance as parameters, these synthetic magnitudes and colors show the accuracy of the method.
The spectral types and luminosity classes of the components of the system were concluded as A7V for the component A and F0V for the component B, which assured the main sequence phase of both components. 
